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RESUME 


Dans  le  cadre  -d'une  entente  prevoyant  l'echange  de  services 
entre  la  Bristol  Aerospace  Ltd.  et  le  Ministere  de  la  defense  nationale, 
on  a  demande  au  Centre  de  recherches  pout1  la  defense  de  Valcartier 
d' analyser,  entre  autres,  1 ' integrite  structurale  du  pain  de  propergol 
du  moteur-fusee  d' apogee  17KS12000.  Lors  de  1' analyse  finale,  trois 
conditions  de  chargement  furent  considerees:  la  contraction  thermique, 

1 ' acceleration  au  lancement,  et  la  mise  sous  pression  a  l'allumage. 

L'analyste  s'est  servi  de  la  methode  des  elements  finis  et 
a  applique  la  technique  des  variables  reduites  de  Williams-Landel- 
Ferry  aux  proprietes  mecaniques  du  propergol .  (NC) 


ABSTRACT 


Ij  As  part  of  a  Provision  of  Services  Agreement  between  Bristol 
Aerospace  Ltd.  and  the  Department  of  National  Defence,  the  Defence 
Research  Establishment,  Valcartier  was  required  to  perform  the  structural 
integrity  analysis  of  the  grain  of  a  solid  propellant  rocket  motor, 
designated  as  the  17KS12000.  Three  load  cases  were  considered  for 
the  final  analysis:  thermal  contraction,  launch  acceleration,  and 
ignition  pressurization. 

The  analyst  used  the  finite  element  method  and  applied  the 
Williams-Landel-Ferry  technique  of  reduced  variables,  to  the  propellant 
mechanical  properties./'  (U) 
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NOMENCLATURE 


Symbols 

*T 

BFZ 

BFZC 

E 

GL 

[i»j] 

(i>j) 

R 

T 

T 

c 

TI 

t 

THERM 

THERMC 


a 


c 


a 


P 


X  =  1  + 
m 


WLF  time -temperature  shift  factor 

Compute^  input  mnemonic  for  the  axial  body  force 
(lb^/in  )  on  the  propellant 

Compute^  input  mnemonic  for  the  axial  body  force 
(lb^/in  )  on  the  casing 

Initial  slope  modulus  (psi) 

Effective  gage  length  (3.32  in  for  JANNAF  specimens) 
Element  i-j 
Node  i-j 

Crosshead  speed  (in/min) 

Temperature  (K) 

Propellant  cure  temperature 
Zero -strain  temperature 
Time  (min) 

Mnemonic  for  the  total  thermal  contraction  (in/in)  of  the 
propellant 

Mnemonic  for  the  total  thermal  contraction  (in/in)  of 
the  casing 

Coefficient  of  thermal  expansion  (in/in  °F)  of  the  casing 

Coefficient  of  thermal  expansion  (in/in  °F)  of  the  propel 
lant 

Strain  at  maximum  load  (in/in) 

e  Extension  ratio  at  maximum  load 
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Standard  deviation  . 

Nominal  stress  at  maximum  load  (psi) 
Radial  stress  (psi) 

Maximum  shear  stress  (psi) 
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Abbreviations 


BAL  Bristol  Aerospace  Ltd. 

DND  Department  of  National  Defence 

DREV  Defence  Research  Establishment,  Valcartier 
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NASA  National  Aeronautics  and  Space  Administration 

WLF  William-Landel -Ferry 

SCF  Strain  concentration  factor 

Safety  factor 


SF 
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1.0  INTRODUCTION 

In  early  1979,  the  National  Aeronautics  and  Space  Administration 
(NASA)  contracted  Bristol  Aerospace  Ltd.  (BAL)  for  the  development 
of  a  solid  propellant  rocket  motor  to  be  adapted  as  a  third-stage 
motor  to  the  Terrier/Black  Brant  V  sounding  rocket  vehicle.  The 
projected  missions  required  that  the  motor  contain  approximately  700  lb 
of  a  high-energy,  HTPB-based  propellant.  In  order  to  speed  up  the 
developmental  work,  the  contractor  decided  to  use,  whenever  possible, 
inert  components  of  the  17-in  Black  Brant  V  motor. 

Following  a  Provision  of  Services  Agreement  between  BAL  and 
the  Department  of  National  Defence  (DND) ,  the  Defence  Research  Establish¬ 
ment,  Valcartier  (DREV) ,  was  required  to  perform  the  grain  internal 
ballistics  and  structural  integrity  analyses  of  the  projected  motor 
designated  as  the  17KS12000. 

This  report  covers  the  structural  integrity  analyses  of  the 
17KS12000  propellant  grain.  The  grain  analysed  herein  differs  from 
a  preceding  design  (BAL’s  DWG  600-03890,  dated  10  Oct.,  1979):  the 
port  diameter  is  4.5  in  instead  of  4.0  in,  and  the  fins  of  its  booster 
cavity  are  smoothly  blended  with  the  cylindrical  port.  The  previous 
design  was  modified  after  preliminary  analyses  had  indicated  that 
its  safety  factor  was  somewhat  low. 

The  structural  integrity  investigation  included  structural 
and  failure  analyses  for  the  three  following  load  cases: 

a.  thermal  contraction  at  the  lowest  operating  temperature 
limit  (-10°F) ; 

b.  longitudinal  acceleration  under  launch  conditions  at 
high  temperature  (15  g^  at  110°F); 

c.  ignition  pressurization  at  low  temperature  (1  000  psi 
at  -10°F) . 
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The  effects  of  combined  loads  were  not  considered. 


A  series  of  two-dimensional,  linear,  elastic  analyses  were 
conducted  for  each  load  case,  using  the  finite  element  method.  The 
critical  results  of  these  analyses  were  subsequently  compared  to 
the  appropriate  failure  data.  To  take  into  account  the  thermoviscoelasti 


nature  of  the  propellant,  its  appropriate  mechanical  properties 


^Gm’ 

and  E)  were  treated  according  to  the  Williams-Landel-Ferry  (WLF) 
technique,  assuming  that  the  time -temperature  equivalence  principle 
was  valid  for  the  highly  loaded,  HTPB-based  propellant. 


To  summarize  the  analyses  reported  herein,  let  us  say  thalt 
the  modified  17KS12000  design  can  be  considered  adequate,  since  its 
minimum  strain-based  safety  factor  is  1.71. 


This  work  was  performed  at  DREV  between  December,  1979,  and 
March,  1980,  under  PCN  21C91,  Assistance  to  BAL.  I 

2.0  GRAIN  STRUCTURAL  ANALYSES 

2 . 1  Thermal  Loading 

2.1.1  General 

The  most  severe  loading  condition  this  case-bonded,  solid  - 
propellant  rocket  motor  can  be  subjected  to  is  repetitive  low-temperature 
cycling.  For  the  analyses  reported  herein,  the  thermal  stressesj 
and  strains  induced  in  the  propellant  grain  by  the  difference  between 
the  coefficients  of  thermal  expansion  of  the  propellant  and  the  motor 
case  were  determined  only  for  a  soak  of  the  grain  at  low  temperature. 
Cumulative  damages  due  to  temperature  cycling  effects  were  covered 
by  insuring  an  adequate  design  safety  factor. 
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Special  attention  was  given  to: 

a)  the  hoop  strain  at  the  inner  bore,  espacially  at  the  finocyl 
transition  region, 

b)  the  hoop  strain  at  the  star  tip  of  the  booster  cavity, 

c)  the  stresses  at  the  case-grain  termination  points, 

d)  the  stresses  at  the  case-grain  interface  at  the  motor  mid¬ 
length. 

The  lower  operating  temperature  limit  was  specified  as: 

T1qw  =  -10°F  (2S0  K)  [1] 

2.1.2  Heat  Transfer  Analysis 


An  elementary  heat  transfer  analysis,  not  reported  herein,  in¬ 
dicated  that  the  response  time  of  the  motor  to  a  temperature  drop  was 
approximately  2  300  min.  For  the  structural  analysis,  this  was  consid¬ 
ered  as  the  effective  cooling  time. 


t 


cooling 


2  300  min 


[2] 


The  heat  transfer  analysis  also  showed  that  the  usual  assumption 
of  a  uniform  temperature  distribution  throughout  the  grain  during 
cooling  was  warranted,  for  engineering  practicality. 


2.1.3  Cure  shrinkage  and  Thermal  Contraction  of  the  Grain 


The  effects  of  the  cure  shrinkage  of  the  propellant  were  also 
included  in  the  thermal  contraction.  For  that  purpose,  the  thermal 
strain  calculations  were  referred  to  the  zero-strain  temperature, 

T^,  which  is  typically  15°F  higher  than  the  cure  temperature  T  , 
for  polybutadiene  propellant  (Ref.  1).  Thus 
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T.  -  T  +  15VF 
1  c 


=  140  +  15  =  155  F 


[13] 


Then,  equivalent  thermal  contractions  were  calculated  using 
an  equivalent  temperature  change  of 


A„  =  T..  -  T. 

T  low  1 


-10  -  (155)  =  -165  F 


[4] 


With  a  and  a  taken  from  Table  I,  it  follows  that  the  total 
p  c 

thermal  strain  of  the  propellant  is 


THERM  =  a  AT 
P 

=  5.86  x  10-3  x  (-165) 

=  -0.967  x  10-2  [5] 

in 

and  that  the  total  strain  of  the  casing  is 

THERMC  =  a  AT 
c 

=  11.7  x  10"6  x  (-165) 

=  -1.93  x  10"3  in  '•  ‘[6] 
in 
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TABLE  1 


Relevant  Mechanical  Physical  Properties 


Properties 

Symbol 

Unit 

Casing 

Propellant 

Ihsulant 

Steel  AMS643S 

RF/B 

Coeff.  of  Thermal 

a 

in 

11.7  x  10"6 

5.86  x  10_S 

N.A. 

Expansion 

in°F 

Specific  Weight 

Y 

lb 

.  3 

in 

(1.283 

0.0647 

N.  A. 

Young's  Modulus 

E 

psi 

29  x  106 

(Fig.  1) 

N.A. 

Poisson's  Ratio 

V 

- 

0.29 

0.491  (estimated) 

N.A. 

Thermal  Conducti- 

k 

BTU 

3.86  x  10"4 

3.29  x  10‘6 

4.9  x  10"6 

vity 

in  F  s 

Specific  lleat 

c 

p 

BTU 

lb°F 

* 

0.31  (estimated) 

N.A. 

2.1.4  Thermoviscoelastic  Properties  of  the  Propellant 

To  take  into  account  the  thermoviscoelastic  nature  of  the 
propellant,  the  gross  data  from  the  uniaxial  tension  tests  conducted 
at  various  crosshead  speeds  and  temperatures  were  reduced  according 
to  the  WLF  technique  (Ref.  2) .  Appendix  A  lists  the  equations  used 
to  perform  these  reductions,  and  Figs.  1  to  3  show  the  reduced  data 
with  appropriate  lower  and/or  upper  limits. 

The  mechanical  properties  necessary  for  the  structural  analyses 
of  the  thermal  loading  were  calculated  as  follows:  a  reduced  cooling 
time  was  computed  using  eqs ,  A-l  and  A-3 
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log  t  =  log  t  -  log  aT  [A- 1 ] 

log  ^  =  -8.86  (T-239)  +  3.18  ■  [A-3] 

T-137.4 

> 

With  t  =  2  300  min,  the  estimated  cooling  time,  and  T  =  250  K,  the 
lower  operating  temperature  limit,  we  obtain 


log  it  =  log  2300 
a„ 


-8.86  (250-239)  +3.18 
250  -  137.4 


=  1.05 


[7] 


At  a  reduced  time  of  1.05,  the  upper  limit  of  the  propellant  reduced 
modulus  is  2,88  (Fig.  1),  hence 


E  =  639  psi; 


[8] 


I 


■  "  ’J-  '  ’  /■  ..  ‘  ..  4  ’  -  . 
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the  lower  limit  of  the  maximum  strain  capability  is  (Fig.  3) 


e  «  0.20 
m 


[9] 


and  the  lower  limit  of  the  reduced  maximum  stress  is  1.89  (Fig. 
hence 


2), 


a  =  54.5  psi.  [10 

m  • , 

2.1.5  Finite  Element  Model 


In  accordance  with  the  approach  commonly- employed  throughout 

the  solid  rocket  industry,  the  modeling  of  the  three-dimensional 

*  ,  | 

17KS 12000  motor  grain  was  done  by  performing  a  series  of  two-dimensional 
analyses,  namely:  «■_ 


a)  a  longitudinal,  axisymmetric  analysis  of  the  complete  grain, 
for  which  we  considered  the  booster  cavity  as  a  cylinder 
whose  radius  is  equal  to  that  of  a  circle  circumscribing 
the  star  tips  of  the  booster  cavity  (Figs.  4a,  b,  and  c) . 


b)  two  transverse,  plane  strain  analyses  of  the  booster  cavity: 
one  of  the  actual  cross  section  (Fig.  5a)  and  the  otlier 
of  the  idealized  axisymmetric  cross  section  (Fig.  5b)|. 
Comparing  the  results  of  both  analyses  permitted  us  to 
calculate  a  strain  concentration  factor  (SFC)  at  the 


tips.  This  SCF  was  then  applied  to  the  maximum  hoop 
calculated  during  the  first  axisymmetric  analysis  (Fi 
4a,  b,  and  c) . 


fin 

strain 

gs. 
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FIGURE  4a  -  Axisymmetric  Finite  Element  Model:  Motor  Head-End 
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FIGURE  4b  -  Axisymmetric  Finite  Element  Model:  Motor  Mid-Section 


I 
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FIGURE  4c  -  Axisymmetric  Finite  Element  Model :  Motor  Nozzle-End 
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c)  a  circumferential,  plane  stress  analysis  of  the  inner  surface 
of  the  port,  at  the  finocyl  transition  region  (Fig.  6), 
to  compute  the  SCF  at  this  particular  location.  This 
SCF  was  then  applied  to  the  transition  hoop  strain  computed 
during  the  first  axisymmetric  analysis  to  evaluate  the 
actual  maximum  strain  in  this  area. 


The  analyses  were  performed  using  AMG032  and  AMG033,  parts 
of  a  package  written  by  Rohm  $. Haas  Ltd.  (Ref.  3)  for  grain  structural 
analysis  using  the  finite  element  method. 

2.1.6  Results 


1)  The  SCF  at  the  finocyl  transition  was  computed  as 


SCF  =  max,  strain  [5,10] 
max.  strain  [1,1] 


=  0.13568  =  1.487  [11] 

0.091245 


where  5,10  and  1,1  stand  for  the  appropriate  elements. 
Pertinent  pages  of  the  computer  outputs  are  included  as 
Appendix  B,  and^Figs.^a  and  b  illustrate  the  results. 


2)  When  extrapolated  to  the  surface,  the  plane  strain  analysis 
of  the  actual  cross  section  of  the  motor  cavity  (Fig.  8a 
and  Appendix  C-l)  indicated  a  maximum  strain  of  0.037j742 
for  the  element  [1,2]  (See  note  p.  20).  A  similar  analysis 
of  the  idealized  axisymmetrix  booster  cavity  (Fig.  8b 
and  Appendix  C-2)  yielded  a  maximum  strain  of  0.008884 
for  the  element  [1,1].  Therefore, 


SCF  =  0.037742  =  4.25  [12] 

0.008884 


l 

i 
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FIGURE  5a  -  Finite  Element  Model  of  the  Booster  Cavity  Cross  Section 
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FIGURE  5b  -  Finite  Element  Model  of  the  Axisymmetric  Booster  Cavity 
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FIGURE  6  -  Finite  Element  Model  of  the  Finocyl  Transition  Region 
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FIGURE  8b  -  Booster  Cavity  Axisymmetric  Cross  Section  Stresses/Displace¬ 
ments 
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3)  The  main  results  of  the  axisymmetric  analysis  of  the  complete 
grain  (Figs.  9a,  b,  c,  d  and  e,  and  Appendix  D)  were  the 
following : 

a] -  when  extrapolated  to  the 

strain,  approximately  at 
evaluated  as 

e  [5,17]  =  0.0905  [13] 

b]  when  extrapolated  to  the  surface,  the  hoop  strain  at 
the  finocyl  transition  was  0.079.  With  the  appropriate 
SCF  calculated  in  eq.  11,  it  became 

e  [4,26]  =  1.487  x  0.079 
max  1  ’  J 

=  0.117  [14] 

c]  after  extrapolation,  the  hoop  strain  at  the  fin  tip 
was  computed  as  0.0055.  With  the  .SCF  calculated  by 
eq.  12,  the  maximum  strain  was 

e  [6,34]  =  0.0055  x  4.25 
max  L  1 

=  0.0234  [15] 


surface,  the  inner  bore  hoop 
the  motor  mid-length,  was 


Note;  Extrapolated  according  to  the  equation 


eo  =  Gi  cli>2 

(r„)2 
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FIGURE  9a  -  Thermal  Loading  Stresses/Displacements: 


Motor  Head- End 


UNCLASSIFIED 

21 


FIGURE  9b  -  Thermal  Loading  Stresses/Displacements:  Motor  Mid-Section 
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-  Thermal  Loading  Stresses/Displacements :  Booster  Cavity 
Fin  Tip 


FIGURE  9d 
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d)  the  shear  stress  at  the  forward  case-grain  termination 
was 

xrz  [8,1]  =  21.7  psi  [16] 

e)  the  case-grain  interfacial  stress  at  the  mid- length  of 
the  motor  was  estimated  as 

or  [8.17]  =  41  psi  [17] 

2.2  Acceleration  Loading 

2.2.1  General 

During  the  ascent  of  a  solid  rocket  vehicle,  high  shear  stresses 
are  normally  induced  at  the  forward  termination  point  of  the  case 
and  grain.  It  is  particularly  important  here  because  the  17KS12000 
is  a  third-stage  motor  left  unpressurized  during  acceleration;  pressur¬ 
ization  would  of  course  induce  a  hydrostatic  compression  field,  thus 
enhancing  the  load  carrying  capability  of  the  propellant.  The  axial 
deformation  (or  slump]  is  also  worth  being  considered. 

High-temperature  acceleration  is  more  severe  than  low-temperature 
acceleration  because  of  the  reduced  bond  strength  capability  and  shear 
modulus . 

2.2.2  Input  data 

1)  The  propellant  mechanical  properties  were  calculated  as 

follows.  Assuming  that  acceleration  would  last  one  minute, 
i.e.  the  combined  burning  times  of  the  first  and  second  stages, 
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and  that  the 
(316.3  K) ,  a 
A-3: 


motor  temperature  at  launch  would  be  T  =  110°F 
reduced  time  was  calculated,  using  eqs.  A-l  and 


log  _t  =  log  t  -  log  aT 


[A-l] 


=  log  1  - 


-8.86(316. 3-239}  + 

316.3-137.4 


3.18 


=  0.65 


At  that  reduced  time,  it  was  possible  to  infer  from  Figs. 
1,  2,  and  3 


E  =  353  psi  [19] 

e  =  0.205  [20] 

m  J 


am  =  73,5  psi  f213 

2)  With  the  specified  axial  acceleration  (15  g  ) • and  the  pro-. 

;  n  [ 

pellant  specific  weight,  0.0647  lb  /in'  (Table  I),  a  body 

1,1  7  i 

force  BFZ  of  0.0647  x  15  =  0.9705  lb£/inJ  was  input  as  one 
of  the  propellant  physical  properties. 


3)  The  payload  weight  was  assumed  to  be  450  lb^.  A  body  force 
of  450  x  15  =  6750  lbj  was  thus  applied  at  node  9,1,  the 
assumed  payload/motor  junction.  Node  9,44  was  considered  as 
the  attachment  point  of  the  motor  to  the  second  stage. 
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4)  Since  the  specific  weight  of  steel  is  0.283  lb^/in^  (Table 
I),  a  body  force  BFZC  of  0.283  x  15  =  4.25  lb^/in3  was  input 
as  one  of  the  casing  material  properties. 

■c 

2.2.3  Computer  Analysis 

A  single  longitudinal,  axisymmetric,  finite  element  analysis  (AMGO 
32)  was  performed  with  the  model  previously  used  for  the  thermal  loading 
stress  analysis  (Fig.  4),  but  applying  the  appropriate  data  calculated 
above . 

Pertinent  pages  of  the  computer  printouts  are  included  as  Appendix 
E;  Figs.  10a  and  b  illustrate  the  main  results. 

2.2.4  Results 

1)  The  shear  stress  at  the  forward  case-grain  termination  was 
computed  as 

Vz  t8*1!  =  5-°  Psi  [22] 

2)  The  axial  slump,  which  is  maximum  at  the  forward  end  of  the 
inner  bore  node,  1,1,  was 

Az  (1,1)  *  0.120  in  [23] 

2 . 3  Pressurization  Loading 

2.3.1  General 

The  ignition  pressurization  induces  a  compressive  hydrostatic 
stress  throughout  the  grain  with  a  superimposed  tensile  hoop  stress  and 
strain  at  the  inner  bore. 
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FIGURE  10a  -  Acceleration  Loading  Stresses/Displacements:  Motor 
Head -End 
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Transition  Region 


f 


UNCLASSIFIED 

30 


The  hoop  strain  at  the  inner  bore  and  the  stresses  at  the  termi¬ 
nation  points  of  the  grain  were  considered  critical.  The. analysis 
was  based  on  the  mechanical  properties  determined  at  low  temperature 
(- 10°F) . 


2.3.2  Input  data 


1)  Assuming  an  ignition  pressure  rise  time  of  100  ms  (1.67  x 
10'3  min]  at  T  =  10°F 
from  eqs.  A-l  and  A-3 


10  3  min]  at  T  =  10°F  (250  K)  a  reduced  time  was  calculated 


log  _t  =  log  t  -  log  aT 
®T 


[A- 


=  log  1.67  x  10 


=  -5.09 


-3 


-8.86(250-; 

250-137,. 


] 


239]  3.18  r 

4  J 


[24] 


With  that  reduced  time.  Figs.  1,  2  and  3  show  the  following 
mechanical  properties  for  the  propellant: 


E  =  7330  psi 


=  0.40 
m 


c  =  284.5  psi 
m  r 


[25] 

[26] 
[27] 


2]  It  was  (conservatively)  assumed  that  the  ignition  pressure 


(1  000  psi)  would  induce  an  axial  force  of  1  000  x  JI  x 
2 

(8.537)  =  229  000  lb^.  in  the  casing.  That  was  input 

node  9,1. 
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FIGURE  11a 


Pressurization  Loading  Stresses/Displacements:  Motor 
Head -End 
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FIGURE  lid  -  Pressurization  Loading  Stresses/Displacements :  Booster 
Cavity  Fin  Tip 
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FIGURE  lie  -  Pressurization  Loading  Stresses/Displacements:  Motor 
Nozzle-End 


UNCLASSIFIED 

36 


2.3.3  Computer  Analysis 

Applying  the  data  calculated  above  to  the  model  previously  used 
for  the  thermal  loading  structural  analysis ,  we  performed  an  axisym- 
metric  finite  element  analysis  (AMGO  32) . 

The  strain  concentration  factors:  computed  for  the  structural 
analysis  of  the  thermal  loading  were  applied,  as  required. 

Pertinent  pages  from  the  computer  outputs  are  included  in 
Appendix  F;  Figs.  11a,  b,  c,  d,  and  e  illustrate  the  main  results. 


2.3.4  Results 

1)  After  an  appropriate  extrapolation  to  the  surface,  the  inner 
bore  hoop  strain  at  the  mid-length  of  the  motor  was  computed 
as 


e 


max 


[5,17]  =  0.00584 


[28 


2)  When  extrapolated-  to  the  surface,  the  hoop  strain  at  the 
finocyl  transition  was  calculated  as  0.0514.  With  the  SCF 
of  eq.  11,  it  became 


e 


max 


[4,26]  =  1.487  x  0.0514 


0.0764 


[29] 
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3)  After  extrapolation  to  the  surface,  the  calculated  hoop 

strain  at  the  fin  tip  was  0.0080.  With  the  appropriate 
SCF  of  eq.  12,  it  became  . 

e  [6,34]  =  4.25  x  0.0080 
max  1  J 

=  0.0340  [30] 

4)  The  maximum  shear  stress  at  the  forward  termination  of  the 
case-grain  was  calculated  as 

Tr_z  [8,1]  =  132.3  psi  [31] 

3.0  FAILURE  ANALYSES 

3.1  General 

Because  of  the  various  unknowns  associated  with  the  structural 
analyses,  specifically  with  the  propellant  behavior  and  the  failure 
criteria,  a  minimum  safety  factor  (SF)  of  2.0  is  desirable;  it  is  usual 
ly  based  on  the  mean  properties  of  an  unaged  propellant  minus  3o. 

When  the  statistical  properties  of  the  propellant  are  not  available, 
it  may  be  conservatively  considered  that  lo  =  10%  of  the  relevant 
property  (Ref.  1) . 

3.2  Thermal  Loading 

1)  Under  the  stated  conditions,  the  lower  limit  of  the  maximum 
strain  capability  was  =0.20  (eq.  9) .  The  maximum  strain 
calculated  at  the  finocyl  transition  region  was  0.117  (eq. 
14).  Therefore,  the  strain-based  safety  factor  is 


UNCLASSIFIED 

38 


o*  _  0.20  .  71 

s?  oTTIT  1,71 


[32 


2)  The  shear  stress  at  the  forward  case-grain  termination  was 
calculated  as  21.7  psi  (eq.  16).  The  maximum  allowable 

shear  stress  is  usually  considered  to  be  70%  of  the  uniaxial 

i 

tension  failure  stress  (Ref.  1).  Since  =  54.5  psi 


(eq.  10), 


T  =  0.70  x  54.5  =  38.2  psi 


m 


[33 


and  the 


SF  = 


38.2 

21.7 


'1.76. 


[34 


3.3  Acceleration  Loading 


1)  The  maximum  shear  stress  expected  was  calculated  as  5.0 
psi  (eq.  22).  Using  eq.  33,  since  am  =  33.5  (eq.  21),  the 
maximum  admissible  shear  stress  is 


t  =  0.70  x  73.5 
m 


51.5  psi 


[35) 


Therefore,  the 


SF  = 


51.5 

5.0 


10.3 


[36] 


2)  The  maximum  slump  calculated,  0.120  in,  (eq.  23)  is  deemed 
acceptable. 
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3.4  Pressurization  Loading- 


a..  It  is  generally  accepted  that  pressurized  biaxial  tests, 

used  to  evaluate  port  cracking  during  ignition  pressurization 
yield  a  maximum  tensile  strain  2.S  times  higher  than  the 
standard  uniaxial  test.  Thus,  from  eq.  26, 

*  \ 

■■  el: 5  =  2.5  x  0.4  =  1.0  [37] 


Since  the  maximum  induced  strain  has  been  evaluated  as 
0.0764  (eq.  29),  it  follows  that 


1.0  . 

0.0764 


=  13.1 


[38] 


b.  The  maximum  shear  stress  calculated  at  the  forward  termina¬ 
tion  of  the  case-grain  was  132.3  psi  (eq.  31).  Since  the 
maximum  admissible  shear  stress  can  be  estimated  as 


x  =  0.70  x  (a  =  284.5)  =  199.2  psi  [39] 
m  m  . 

(eqs.  33  and  27),  then 


SF 


199.2 

132.3 


1.51 


[40] 


4.0  DISCUSSIONS 


It  is  generally  agreed  throughout  the  rocket  industry  that  strain 
based  safety  factors  are  the  best  acceptance  criteria;  indeed,  for 
viscoelastic  materials,  strains  and  displacements  are  usually  more  ex¬ 
actly  predicted  than  stresses  (Ref.  1).  Therefore,  only  strain-based 
SF  will  be  considered  critical  herein.  ..  .. 


UNCLASSIFIED 

40 


The  minimum  strain-based  SF  computed-is  1.71  (eq.  32}  under 
conditions  of  thermal  loading.  This  is  somewhat  lower  then  the 
generally  recommended  SF,  but  it  is  sufficiently  close  to  2.0  that 
no  problem  is  anticipated,  when  the  rationale  behind  such  an  acceptabl 
SF  (see  para.  3.1)  is  understood. 


In  regard  to  the  minimum  stress -based  SF  of  1.51,  calculated 
for  the  pressurization  loading  analysis,  it  is  somewhat  low  but  not 
considered  critical  because  of  the  conservative  assumption  made 
regarding  the  input  data.  Indeed,  by  merely  choosing  the  lower 
limit  of  the  modulus,  instead  of  the  upper  limit,  we' would  obtain 
a  SF  of  approximately  4.0,  instead  of  1.51,  indicating  that  thej 
actual  SF  is  likely  around  2.7;  this  is  considered  more  realistic 
and  more  acceptable. 


5.0  CONCLUSIONS 

Since  the  estimated  strain-based  safety  factor  is  1.71,,  the 
modified  17KS12000  motor  grain  appears  structurally  adequate  for 
the  three  load  cases  considered  (thermal,  acceleration,  and  pressuriza 
tion  loadings) . 
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APPENDIX  A 


Reduced  Time 


WLF  Reduced  Variables  Equations! 


log  _L 


[A- 


with 


t:  duration  of  application  of 
the  load  (in  minutes).  For 
constant  strain-rate  testing 


,  GL 
t  =  =—  e 
R  m 


with  GL  =  3.32  in 


[A- 


2] 


log  £L  =  -8 ,86(T-239)  +3.18 
T-137  4 


[A-3] 


Reduced  Modulus 


log 


E  297 


[A— 4 } 


Reduced  Stress 


l0*  V  \n  W- 


[A-5] 


3. 
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APPENDIX  C-l 


17KS12000 


Booster  Cavity  Structural  Analysis 


Computer  Printouts 
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APPENDIX  C-2 


17KS12000 


Booster  Cavity 


Axisymmetric  Structural  Analysis 


Computer  Printouts 
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APPENDIX  D 
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Axisymmetric  Structural  Analysis  , 
Thermal  Loading 


Computer  Printouts 
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•49*06 

7*319 

8*313 

•3.B151E  00 
•9.4906C-03 

•S*6903C  00 
•1 • 3866E-02 

■8 • 3389E  00 
•6*0319E-03 

6  1 
■38* 16 

7*888 

8*971 

•9*91121-01 

-1*80841-03 

•3*8301C  00 
•1 • 0*27C-02 

•5 • 8841E  00 
-1*36798-08 

7  1 

•l9*6l 

8*808 

3*575 

2*67431  00 
1*0480(*02 

•4*  555BE  00 
■6*3901CbO1 

-1*60488  01 
•3 • 31 90E-02 

*1 

*43 

8*441 

3*974 

8*78081  01 
1*69868-03 

8*«095C  01 

•8 • 19811*03 

5  *  84  33E  00 
-B.0358E-08 

1  8 
7*. 91 

8*733 

1*497 

•6 • 390BE-01 
■1*85038-03 

•1*893IC  01 
-3*0850e-oe 

1  *31 02E  00 
8*99S2E-03 

8  8 
•81*31 

3*116 

1*874 

•8*67381  00 
•9*0|89C>01 

•7*88448  00 
•8* 10S8I»02 

1  •  659  IE  00 
1.0698E-03 

3  8 

-7*. 79 

4*166 

8*888 

•2 • 2106E  00 
-1.8413C-02 

•3*58838  00 
•1*54888-02 

8*63988  00 
■1  *  0956E-03 

4  8 

•62*15 

5*857 

8*800 

-4*81108-01 
•1 *84428*02 

■8*85871-01 
■1*1 846C>08 

8*86138  00 
-4  »6488E-03 

5  '8. 

■47*08 

6*245 

3*346 

3 • 8265c  00 
•1 *0B*4C»0B 

3*94598  00 
•B*86578>03 

3 • 7898E  00 
-9*3701E-O3 
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8  8V  8  T  R 
SHEAR  R-Z 

AIMS 

maximum 

MINIMUM 

MAX  SHEAR 

-5*53818-01 
•8 . 58458-03 

1 .4749E-01 

9 • 7065E-03 

•3*88688  00 
8*93188-04 

2 • 01 71E  00 
9*4133E-03 

•1*50048  00 
-7.00178-03 

9*04778-01 

8*94648-03 

-7*38688  00 
-1*03818-02 

4*14586  00 
1*93478-02 

•8*66958  00 
-1 .84888-08 

1*01898  00 
7*48458-03 

■8*60678  00 
•1*50351-02 

4*81288  00 
2*24608-02 

•4.11918  00 
-1*98888-08 

1*70048  00 
5*72788-03 

•8*33718  00 
-1*76948-02 

5*01688  03 
2*34218-02 

•5.19148  00 
■2 • 4S86E-08 

8*17008  00 
4.4748E-03 

•8*31806  00 
-1*99978-02 

5*84406  03 
8*44786-03 

-5*91858  00 
-8*76808-08 

3*17798  00 
8*92548-03 

•9*39328  00 
-2*34078-02 

6*88568  00 
8*93336-02 

-7 *63958  00 
-3*S651E-08 

5*3966E  00 
1.6832E-08 

-1*87648  01 
-3*95438-08 

1*80806  01 
5*63758-02 

•  2.1 7188  Ol~l 

-1*01348-01 

4*10788  01 
3*85418-02 

-7*78638  00 
-8*13158-02 

1*44086  01 
1*13888-01 

5.66678-01 

8.64458-03 

1.4630E  00 

3  *  35448-03 

-7*91848-01 

•1*90678-03 

1*18748  03 
5 • 86138-01 

•6.77938-01 

-3.16378-03 

1*74276  00 
1*31148-03 

•2*77688  00 
-9*28078-03 

2*86988  03 
1*05988-02 

•1.4288c  00 
-6.66518-03 

3*02918  00 
-1*87278-04 

-2*59998  00 
■  1  *  33228*08 

8*81456  03 
1*31346-02 

•8.44968  00 
-1*14388-02 

4.16548  00 
-1*68258-03 

•1*77558  00 
-1*64416-02 

2*96548  03 
1*38398-01 

■3.45678  00 
-1*61318-08 

6 • 9440E  00 
-1 *8703E-03 

1 *83078«08 
-1*80448-08 

3*46888  00 
1*61748-02 
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R 

2 
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HOOR  TH6TA 

AXIAL  Z 

fT~I71 

•59* 8* 

3*036  ! 

26*137 

1 • 9309E  01 

A 

99628  01 

4*427BC  01 

•6*84691*02 

kl 

-tMOfO*  1 

*1 • 0206C-02 

6  17 

4.608 

26*191 

3*41831  01 

9 

61936  01 

4*91236  01 

"89*47 

•3«4222CbOI 

1 

70436*02 

*8*69646403 

7  17 

6*180 

26*191 

3* B768C  01 

S 

1643c  01 

1 

4 • 65 1 2E  01 

-89*03 

•2*  4494E*02 

9 

94796*03 

*6*48916*03 

JL..A-T, 

7*701 

26*137 

Ls.*.96BII  eil 

4 

9606C  01 

4*63996'  01 

-TSTT? 

-2.19011-02 

•1 

6287C*Q4 

•3*53936*03 

S  IB 

3*016 

27*810 

1*99061  01 

6 

9921C  01 

4*41916; 01 

89*74 

•6*80911*02 

4 

9963E*02 

•1 • 04626702 

«  18 

4*608 

27*801 

3*40861  01 

9 

60116  01 

4.41616' 01 

88*37 

•3*41416*08 

1 

70196*08 

•8*76696*03 

7  18 

6*180 

27*801 

3*67296  01 

9 

1991C  01 

4*64896  01 

84*77 

•2*44706*02 

9 

94016*03 

-6*44216^03 

8  IS 

7.761 

27*810 

4*06816  01 

4 

9734C  01 

4*82996  01 

89*94 

•t*1610C>02 

-1 

8349c *04 

-3*90146*03 

8  19 

3*037 

29*496 

1*90096  01 

6 

930BC  01 

4*36926  01 

89*34 

•6>79686>02 

4 

9408C*02 

•1*03616*02 

A  19 

4*609 

29*442 

1*38836  01 

9 

96B9C  01 

4*46186  01 

86*26 

•3*  39416*02 

1 

69321-02 

•8*89126*03 

7  19 

6*181 

29*4*2 

3*84236  01 

9 

1220C  01 

4*60276  01 

8?.  BO 

•  2*  43376*02 

9 

S224C-03 

•6*99396*03 

8  19 

7.762 

29*486 

4*02646  01 

4 

93866  oi 

4*78916  01 

80*77 

•2*14666*02 

•  1 

0327C-O* 

•3*64766»03 

9  20 

3*037 

31*072 

1*90496  01 

& 

8490c  01 

4*28786. 01 

88*94 

-6*66266*02 

4 

87361*02 

*1 • 10296*02 

It  t  STRAINS 


SHEAR  R-Z 

MAXIMUM 

MINIMUM 

MAX  SHEAR 

.-2*8166C*02 
-1 .3144C-04 

4*42786  01 
•1*02066*02 

1*93096  01 
•6*84996*02 

1*24836  01 
9*82826*02 

*1  *  020BC-01 
•  4  >  763BC*04 

4*81246  01 
•8*69326*03 

3*41826  01 
-3*42281-02 

8*47106  00 
1*89316*02 

•  1  * 1076E-01 
-6.1022C-04 

4*69146  01 
•6*42006*03 

3*87666  01 
-2*44996*02 

3*87416  03 
1*80796*01 

•1.72696*01 

-8*06436-04 

4*83996  01 
-3*93026*03 

4*06626  01 
•2*16126*02 

3*88326  03 
1*79826*08 

1*1 1 61E-01 
5.20876*04 

4*41926  01 
•1 *04616*02 

1*99066  01 
•6*80326*02 

1*23436  01 
9*76016*01 

1.0961C-01 

1 . 44496*03 

4*49706  01 
•8*74636*03 

3*40766  01 
'  *3*41616*02 

3*44616  03 
2*84196*02 

4  •  37951*01 

8 • 04386*03 

4*64806  01  - 
*6  *38446*03 

3*67046  01 
*2*43286*02 

3*89796  03 
1*81446*01 

6*49926*01 

2*86636*03 

4*83386  01 
•3*41086*03  . 

4*09426  01 
•2*16016*02 

3*89806  00 
1*81916*02 

2.83336*01 

1.3222E-03 

4*36966  01 
•1*03346*02 

1*90066  01 
•6*79636*02 

1*23496  01 
9*76096*02 

7.0949C-01 

1.29216*03 

4*46646  01 
•8*78396*03  . 

3*38166  01 
-3*40496*02 

3*41406  03 
2*92696*02 

1*01916  00 

4 • 79966-03 

4*61616  01  ; 
•6*28046*03 

3*82896  01 
*2*46806-02 

3*93646  03 
1*83706*02 

1. 2740C  00 
9*94826*03 

4*80986  01 
•3*16486*03 

4*00486  01 
•2* 19486-02 

4*02906  03 
1*87846*02 

4.41176*01 

2*05886*03 

4*28866  01 
•1*10066*02 

1*90416  01 
•6*66486*02 

1*19236  01 

3  *  86396-0  2. 
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S  T  R  E  8 
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R 

Z 
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AXIAL  Z  ' 

7  23 

6*210 

35*926 

3 

•48368  01 

4.6767C  01 

4*10091  01 

66'00 

•2 

•  26661*02 

5* 1746C-03 

-8*2608E-03 

8  23 

7*763 

35*938 

3 

*62081  01 

4 • 8226C  01 

4*  3628E  .01 
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-2 
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•1 *6998(-06 

-4*1318E-03 

S  24 

3*069 

37*626 

1 

•71691  01 

8  *  988 1 S  01 

3*83852  01 

86*18 

-8 

•  70861*02 
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-1 • 4663C-02 
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6*679 

37*867 

2 

•96801  01 

4 • 8307C  01 

3* 661 IE  01 

68*20 

•2 

•86721-02 
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-1 • 9499E-02 

7'  26  . 

6*262. 

37*829 

3 

•30131  01 

4*45938  01 

3 • 8651 E  01 

60*89 

■2 

•20411-02 

4*97828-03 

■  8*  8878E-03 

8  26 

7.778 

37*860 

3 

•43971  01 

4*33818  01 

*  f 

b* 19971  01 

61*16 

•1 

•11861-02 

-1 *91918-04 

-4*38348-03 

9  25 

3*116 

39*611 

1 

•7341C  01 

5*63778  01 

3  •  1905E  01 

8**31 

-6 

• 1369C-02 

3*97188-02 

•1 *73B6C-02 

6  25 

6*765 

39*187 

8 

•77481  01 

4*81088  01 

3*3>9BC  01 

61*88 

-8 

*66961-02 

1*38118-02 

-1 • 37451*02 

7  ’  25 
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39*062 

3 

*11131  01 

4*24218  01 

3*6459E  01 

57*87 

*2 

•1677E-02 

4*70698-03 

-9*80432-03 

8  25 

7.797 

39*036 

3 

•  19781  01 

4*09388  01- 

3.9028E  01 

88*77 

-2 

•  11471-02 

-2*39118-04 

-4*70488-03 

l  6  26/ 

1 2*662  1 

41*717 

8 

*69518  00 

6*21108  01 

2*23082  01 

77*34 

-8 

*  9202E-02 

6*86678-02 1 

-2*  7205E-02 

5-'  26  - 

3*681 

61*048  , 

1 

•6868C  01 

4*84108  01' 

8*67892  01 

71*81 

•17818-02 

3*161 68-08 

■1  *8632E-02 

6  26 

6*962 

40*709 

2 

•  59841  01 

4*22968  01 

3*11432  01 

57*03 

•2 

*  5584C-02 

1*24738-02 

-1*38468-02 

Sts  /STRAINS 


SHEAR  ’  R-Z 

MAXINUN 

MINIMUM 

MAX  SHEAR 

3.67958  00 
1.7171E-02 

4.2725E  01 
-4 • 25688-03 

3.3120C  01 
•2 ■ 66708-02 

4*60298  00 
2.2413E-02 

4.64728  00 
8.16878-02 

4.8783E  01 

1 .18948*03 

3.3980C  01 
-2*64811-02 

8*91648  00 
2*76108-03 

1.22018  00 
5.69398-03 

3.5*062  01 
-1 *44538-02 

1*70678  01 
-8 • 72448*02 

9.16978  03 
4*27928-03 

3.07598  00 
1*43548-02 

3.7779E  01 
•9  *77328-03 

2*85121  01 

•3 • 1 39*8-02 

\ 

4*63388  00 
2.1 624C-02 

6.84798  00 
8.12248-02 

4*11828  01 
-2.9799C-03 

3 • 0682c  01 

•2 • 79498-02 

5*35058  00 
2*49698-03 

S.698BC  00 
8*66988-08 

4*47388  01 
2*97468-03 

3* 1886C  01 
■  2  *  B4B2C-08 

6*74088  03 
3*14878-02 

1.6665C  00 
6.B438C-03 

3*20318  01 
•1 *70488-02 

1*71968  01 
•8* 1710C-02 

7*42828  00 
3*46688-03 

4.18888  00 

1 .93808-02 

3*58168  01 
•8*86588-03 

2 • 58258  01 
-3*12758-02 

4*99488  00 
2*33098-02 

5.84248  00 
2.68658-02 

3*99398  01 
-1*08318-03 

2*76338  01 
-2*97988-02 

6*15328  00 
2*87158-03 

6.75788  00 
3.15388-02 

4.31228  01 
4.8868E-03 

2*78818  01 
-3*07068-08 

7*62098  OO 
3*55648-02 

■  v  i 

3.24308  00 
1.81348-02 

2 • 3036E  01 
•2 • 55051-02 

Ji 

7*66688  00 
-6*09018-02 

7*52478- 00 
3*53958-02 

3.65488  00 

1 • 70838-08  . 

2.7999C  01 
•1.88318-02 

1*66678  01 
-4*48638-08 

6*16118  00 
>•57528-02 

*  * 

5.77538  00 
2.69818-02 

3*48898  01 
-4.8060C-03 

2*22388  01 
-3*43238-02 

6*32528  00 
2*95178-02 
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2 
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-7 
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1*12841  01 

3*19632  01 
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2 
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-3*5S39E-02 
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6 
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a  33 

8*207 

49*994 
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2*06922  01 

> 
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-1 *03282-01 

7 
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6  36 
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30*734 

1.3993E  00 
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2 

•3601E  01 

84*07 

•4*24722-02 
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9 

•14082-03 

7  36 

7*566 

30*714 

4*04032  00 

2*01332  01 

2 

•22182  01 

77*17 

-3*39262-08 

1*63042-01 

6 
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8  36 

8*212 

50*730 
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1*33632  01 

1 

*92912  01 

67*46 

-2*78982-02 

-1*00322-03 

1 

.070-E-03 

I  1  /  STRAINS 


SHEAR  R-Z 

MAXIMUM 

MINIMUM 

MAX  SHEAR 

9.1973E  00 
4.2921E-02 

3 ■ 080 JE  01 
1*1 637E-02 

9*34812  00 
-3*79382-02 

1*06272  01 
4*93922-02 

1*87992  01 
8*97282-02 

3*94002  01 
2.27222-02 

3*48801  00 
-8*64762-02 

1*49712  01 
7*91982-02 

8.86072  00 
3*99802-02 

3*05846  01 
1*13432-02 

8*48442  00 
-4*03972-02 

1*10662  01 
3*16392-02 

3*66112  00 
4*04802-02 

2*9728E  01 

1 *03888-02 

9*88932  00 
-1*66742-02 

1*00842  01 
4*70892-02 

7.7413E  00 
1*61262-02 

3.71B7E  01 
2.0181E-02 

8*42702  00 
-8*43932-02 

1*39802  01 
7*48742-02 

8*21312  00 
3*83172-02 

2*94342  01 
1*11862-02 

7*42892  00 
-4*01602-02 

1*10032  01 
8*13462-03 

3*29642  00 
3*87172-02 

2*8016E  01 
9.6420E-03 

8*43202  00 
-3*60342-02 

9*79192  00 
4.B696E-02 

3*28822  00 
1*83112-02 

2*83336  01 
1*81142-02 

1 *46182  00 
-4*80492-02 

1*38182  01 
6*31612-03 

4.60632  00 
3.08292-02 

2*75572  01 
l • 1431E-02 

3*25902  00 
-4.03982-02 

1*11492  01 

5 ■ 80292-02 

7.89112  00 
1*84262-02 

2*49442  01 
8*88826-03 

8*90592  00 
•3*53342-02 

9*51912  03 
4*44(32-08 

1*83402  00 
7.15862-03 

2*37066  01 
9*38642-03 

1*29001  00 
-4.27182-02 

1*12082  01 
5.23032-02 

4*1707e'  00 
2.01972-02 

2*12332  01 
•*83812-01 

3*04492  00 
•3*88482*02 

1*00942  01 
4*71042-08 

6.21422  00 
2.9009E-02 

2*18312  01 

7 . 09012-03 

4.27382  00 
-3*38782-02 

8.77892  00 
4.09682-02 
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APPENDIX  E 

17KS12000 

Axisymmetric  Structural  Analysis 
'  Acceleration  Loading. 
Computer  Printouts 


I 

J 

R-COORDINaTE 

Z-COORDINATt 

i 

2*2900 

.0000 

8 

1 

3.3900 

.0470 

3 

4.7800 

.2810 

4. 

1 

8.1900 

.7380 

S 

1 

7.9910 

1.4380 

6 

1 

8. 2940 

2.1860 

7 

1 

8.4370 

2*9360 

JL 

l 

B. 9370 

3.6000 

9 

8.9370 

3*9060 

1 

2 

2.2900 

i*'oo6o 

8 

2 

2.9817 

1*1889 

3 

2 

4.0389 

1.9080 

4 

2 

5.1919 

1*9661 

a 

2 

8.3014 

2.5349 

6 

2 

7.1899 

3.1199 

7 

2 

7.7041 

3.4897 

a 

2 

a> 1949 

4 4 0949 

9 

2 

8.9370 

4.3000 

1 

3 

2.2900 

1.6000 

8 

3 

2.2900 

2.2000 

3 

3 

3.1941 

2.9976 

4 

3 

4.2399 

3*0829 

B 

.  3  ' 

9.2932 

3.4154 

6 

3 

.  8.2982 

4.1148 

7 

3 

7.0992 

4.5299 

a 

3 

7.8416 

4*8089 

9 

3 

8.5370 

4.9000 

8 

4 

2. 2900 

2.9000 

3 

4 

2.2900 

3.4000 

4 

4 

3.2788 

4.1930 

B 

4 

4.3796 

4.7291 

a 

4 

5.9072 

5.1924 

7 

4 

6.5789 

5*5271 

a 

4 

7.9794 

9*7111 

9 

4 

8.5370 

9.7000 

1 

s 

2.2900 

4.4000 

4 

9 

2.2500 

5.2000 

s 

9 

3.4834 

9*9571 

6 

9 

4.8180 

6*3990 

r-dibrlacement 

Z-OlfiPLACENENT 

-4 

• 6931E 

02 

1  1.1 97BE-Q 1  1 

•  4 

.85461 

02 

1.096BE-01 

•  4 

.0494E 

02 

9.4160E-02 

•3 

.74742 

08 

7 .34462*02 

*8 

.99342 

02 

4.74742-02 

•  1 

.93862 

02 

3.34291-02 

-1 

•0479E 

02 

2.69082-02 

-3 

.6408E 

03 

1.60392-02 

1 

<  9100E 

04 

5.72492-03 

-4 

.13402 

08 

1.28872-01 

-3 

.43842 

02 

1 .23832-01 

-2 

.99992 

02 

1.13982-01 

•2 

.92992 

02 

9 • 96092*02 

-8 

.04822 

02 

7.8109E-02 

•  1 

.59472 

02 

5 . 891  IE-02 

•1 

.07692 

02 

4^18992*02 

■4 

.27892 

03 

2.585BE-02 

i 

.93492 

04 

9470282-03 

•3 

.72992 

02 

1'.  32132-01 

•3 

.20922 

02 

1.39242-01 

-8 

.38982 

02 

1.2911E-01 

•1 

.97992 

02 

1. 17672-01 

-1 

.49702 

02 

1.00872-01 

•1 

.09302 

02 

8.08872-02 

•5 

.7793E 

03 

5.83672-02 

-l 

. 2663E 

03 

3.2614E-02 

1 

.66422 

04 

5.66612-03 

-8 

.89472 

02  . 

1.37222*01 

-2 

.38122 

02 

1.39212-01 

•1 

•9434E 

02 

1.31702-01 

-1 

• 0B49E 

02 

1.17062-01 

•6 

. S876E 

03- 

9.69032-02 

•3 

.16892 

03 

7.0249E-02 

•8 

.38992 

04 

3.99602*08 

i 

.3962C 

04 

9.61868*03 

-2 

.13272 

02 

1.39168-01 

-l 

• 6832E 

02 

1.39922*01 

•8 

.97992 

03 

1  *  3008E-01. 

-4 

. 5693E 

03 

1.09302-01 

T 


UNCLASSIFIED 


1  J/ 

COORDINATES 

8  T  R  E  8 

8  E  S  /  8  T  R 

A  I 

N  3 

anOIE 

R 

z 

RADlAI.  R 

HOOP  THETA 

AXIAL  Z 

SHEAR  R-Z 

MAXIMUM 

MINIMUM 

max  shear 

1  1 

2*718 

•  339 

-l 

1098E  00 

•  6 

1224E  00 

•4  *8687E*01 

•5. 96446-02 

■  4 

8123E-01 

-1*1 154£  00 

3 • 1 70BE-01 

•84 • 53 

6 

101 9E-03 

-i 

S071E-02 

8 • 73386*03 

-5.0302E-04 

a 

7B67E-03 

6  *  0781E-03 

2 • 6786E-0  3 

2  1 

3*797 

•  786 

-2 

0992E  00 

•  4 

5953E  00 

*3  *  69B9E-01 

•4.4072E-01 

•  2 

6406E-01 

■2  *  2051 E  00 

9  ■  7051E-0 1 

•76*50 

9 

9B89E-04 

•  9 

B439E-03 

B*3033E-03 

-3.7230C-03 

8 

7503E-03 

S • 51 8SE-04 

8* 198BE-03 

3  1 

3*030 

1*123 

-2 

2380E  00 

•3 

7 1 1 7E  00 

•6 • 01932*01 

•  8  <  6188E-01 

-2 

3477E-01 

-2  *  6  251 E  00 

1 1 1 952E  03 

•66*33 

•3 

8290E-04 

•  6 

3233E-03 

6 • 61 1 9E-03 

-7.2808E-03 

8 

1627E-03 

-1  *  9337E-03 

1 .0096E-02 

4  1 

6*319 

1  *668 

•l 

7961 E  00 

•2 

9214E  00 

•  9  *  6060E-0 1 

-1.292SE  00 

■  1 

9969E-02 

*2 • 7367E  00 

1 • 3S84E  03 

-93*96 

3 

1283E-04 

•4 

4402C-oa 

3.8416E-03 

-1.0919E-0Z 

7 

8147E-03 

-3  *  6602E-03 

1 • 147BE-02 

3  i 

7*319 

2*313 

-1 

1980E  00 

•  2 

413SE  00 

•1*6653E  00 

■ 1 • 6289E  00 

2 

1 820E-01 

-3.0715E  00 

1.6449E  03 

•41 >01 

2 

2698E-03 

•  2 

8639E-03 

3 • 38B7E-04 

■1 .3760E-02 

8 

2517E-03 

-5 • 6433E-03 

1  *  3895E-0  2 

6  1 

7.882 

2*971 

-1 

8230S  00 

•  2 

579lE  oo 

•3 • 0478E  00 

-2.16B2E  00 

2 

1699E-01 

-4.4878E  00 

2 * 3624E  03 

•33*59 

4 

0169E-Q3 

•  1 

7U2E-0J 

•3 • 6910E-03 

•  1 >  B316E-02 

1 

0099E-02 

•9 • 7731 £-03 

1 *9872E-03 

7  1 

8*208 

3*575 

-i 

3703E  00 

•  3 

7996E  00 

•B*B725E  00 

•2.B128E  OO 

•  1 

1 956E-01 

■7*0238E  00 

3 • 4520E  03 

•27*29 

8 

BS68E-03 

•8 

5S30E-O4 

•8 • 3468E-03 

■2 ■ 3762E-02 

1 

468BE-02 

•  1  *4475E-02 

2*9l6lE-02 

a  i 

8*441 

3*974 

•1 

71051  00 

•  4 

1306E  00 

•7.1611E  00 

1  -B.0407r  00  1 

1 

2944E  00 

-1 «  0166E  01 

5 • 7302E  03 

•30 • BU 

1 

Ol  111-02 

•1 

1064E-04 

■1*291  IE-02 

-4  *  25I1E-02 

2 

2804E-02 

-2*S603E-02 

4*B407E-02 

1  2 

2*433 

1*497 

-7 

9438E-01 

•  6 

10S4E  OO 

•1 « 1 66BE  00 

9.B611E-03 

-7 

9414E-01 

■1*1 670E  00 

1 .864BE-01 

i  •  47 

7 

S594E-03 

-i 

48B6E-02 

6 • 9864E-03 

B.0768E-0S 

7 

5604E-03 

5  *  9B54E-03 

1.B751E-03 

2  2 

3*116 

1*874 

-1 

2670E  00 

•4 

4813E  00 

•1*OOB2E  00 

•  3  *  35B5E-01 

•  7 

7B64E-0 1 

-1 <  4965E  00 

3 • 60aBE-01 

•85*64 

4 

1690£>03 

•9 

4078E-03 

5*274BE-03 

•2 • 837 1 g-03 

6 

2442E-03 

3* 1993E-03 

3*04«9E-03 

3  2 

4*166 

2*288 

•i 

738BE  00 

■  3 

4399E  00 

• 1 • 0932E  00 

•  8  *  S621 E-0 1 

-5 

0096E-0 1 

-2 • 331 OE  00 

9 • 1504E-01 

-53*33 

i 

4108E-03 

•5 

7744E-03 

4 • 13782-03 

-7 ■ 2329E-03 

6 

6392E-03 

•1 *0907£»03 

7 • 7299E-0  3 

4  2 

5*237 

2*800 

•i 

7076E  00 

•2 

803BE  00 

•1 *3242E  00 

-  1 ■ 426 1 E  00 

-7 

6930E-02 

-2*  9549E  00 

1*4390E  03 

-48*83 

8 

9981E-04 

•  3 

72911-03 

2*B19SE-03 

•1 • 2047E-02 

7 

7876E-03 

-4 • 3682E-03 

1  *  21B6E-02 

5  2 

6*245 

3*346 

-1 

6138E  00 

-2 

4670E  00 

-1  * 67B8E  00 

•1.9666E  00 

3 

2064E-01 

•3 • 6132E  00 

1  * 9669E  03 

•4**53 

1 

1719E-03 

-2 

4326C-03 

8 • 9679E-04 

■1*6613E*02 

9 

34 1 9E-03 

-7.2737E-03 

1 • 66 1 6E-02 

UNCLASSIFIED 


UNCLASSIFIED 

58 


APPENDIX  F 


17KS12000 


Axisymmetric  structural  Analys 


Pressurization  Loading 


Computer  Printouts 


I  j/ 

COORDINATES 

S  T  H  E  8 

AnQlE 

R 

Z 

RADIAL  R 

HOOP  THETA 

AXIAL  z 

1  1 

2*7lg 

•559 

-1.0270E  03 

-1*16 66E  03 

•9 • 9930E  02 

-81. hO 

3 

.6759E-03 

-2*0668E-02 

9  *61 26E-03 

2  1 

3*797 

*756 

-1 

0508E  03 

-1  * 1066E  03 

-9 • 9579E  02 

-79. 31 

-2 

-316E-03 

- 1*  3786E-02 

8*7677E-03 

3  1 

5*050 

1*123 

-1 

056 IE  03 

•1 • 0829E  03 

■9 • 9822E  02 

-73*25 

-6 

-326E-03 

-1*0098E-02 

7* 1333E-03 

6  1 

6.319 

1  *  66B 

-1 

0668E  03 

-1 • 0621E  03 

•1*0036£  03 

*63*08 

6663E-03 

-7 • 551 3E-03 

6*3B58£-03 

S  1 

7.319 

2*313 

-1 

0317E  03 

•1.0656E  03 

•1*01585  03 

-50*76 

-2 

6936E-03 

-8*6936E-03 

5*3B66E-0*. 

4,1' 

7.882 

2*972 

•1 

0237E  03 

-i • 06 1 3E  03 

-1 • 0399E  03 

-60*<:2 

'-7 

S180E-05 

-3*6S60E-03 

-3*3780E-03 . 

7  1 

8.208 

3*575 

•1 

0 1 36E  03 

-1 • 0591E  03 

-1*093**E  03 

-28*8** 

6 

6623E-03 

-t*7786E-03 

-8 • 7375E-03 

rs  X| 

8  •  **  Vl 

3*976 

-9 

9070£.  02 

-1 • 0602E  03 

•1* 1325E  03 

-30*91 

1 

026  IE-02 

1 • 7010E-06 

-l • 8595E-02 

1  2 

2  ■  *r33 

1*697 

-1 

0056E  03 

- 1 • 0955E  03 

■9.9030E  02 

76*85 

2 

O375E-03 

•1 *5691C*02 

5 • 7169E-03 

2  2 

3.116 

1.876 

-1 

020 IE  03. 

•t • 0593E  03 

-9 • B775E  02 

-81*53 

•1 

>983£-03 

•9 • 9601 E -03 

6 • B898E-03  ■ 

3  .  2 

*•166 

2*288 

-1 

0 1 99E  03  ■ 

-1  *  0307E  03 

•9 • 8207E  02 

-76*57 

290SE-03 

■6 • 6830E-03 

3*6000£*03 

6  -  2 

,  5*257 

2*800 

-1 

0102E  03 

- 1  *  007  5£  03 

-9 • 7772E  02 

-67*73 

•* 

■395E-03 

-6 • 283 AE-03 

1 .7760E-03 

5  2 

6*263 

3  *  3*6 

-9 

9670E  02 

-9 • 8509E  02 

•9  •  736 3E  02 

-58*1S 

3316E-.03 

-2 • 5759E-03 

-2*052l£-06 

e  a  /  strains 

shear  r-z  maximum  MINIMUM  max  SHEAR 


-6.0797E  00 

•  9 

9871 E  02 

-1 

•0276E  03 

1 

6663E  01 

-1 « 6597E-03 

9 

632JE-03 

3 

•7562E-03 

5 

8738E-03 

-1.0759E  01 

•  9 

9376E  02 

•  1 

•  0528s  03 

2 

951  IE  01 

-6 . 3771E-03 

9 

1609E-03 

•2 

•86A7E-03 

1 

2006E-02 

•  1.9U0E  01 

-9 

9266E,  02 

•  1 

•061SE  03 

3 

6681E  01 

-7  *  7866E?03 

8 

3069E-03 

-3 

•8062E-03 

1 

6109E-02 

-2.9607E  01 

-9 

8893E  02 

•  1 

•0619E  03 

3 

6667E  01 

-1  *  206SE-02 

7 

6 1 62E-03 

•  7 

•3027E-03 

1 

6917E-02 

-3.8909E  01 

-9 

8602E  02 

•  1 

•063AE  03 

3 

9710E  01 

*1 . 5829E-02 

6 

9985E-03 

■9 

•1566E-03 

1 

6135E-02 

-6.B221E  01 

•9 

8288E  02 

-1 

•0807E  03 

* 

8900E  01 

•1 . 9617E-02 

a 

2202E-03 

-1 

*  1 673E-02 

1 

9896E-0  2 

-5.9036E  01 

-9 

8612E  02 

-i 

•1239E  03 

6 

9866E  01 

-2.6017E-02 

1 

3076E-02 

•1 

•3349E-02 

2 

8623E-02 

-1*32331  02  i 

-9 

1 1 66E  02 

•1 

•21176  03 

1 

3012E  02 

-5 ■ 3836E-02 

2 

6358E-02 

-3 

•6712E-02 

& 

1070E-02 

3.7393E  00 

-9 

B962E  02 

•1 

•0063E  03 

8 

6383E  00 

1 • 5212E-03 

5 

8927E-03 

2 

•6S9BE-03 

3 

6329E-0  3 

•6.9229E  00 

-9 

B702E  02 

•  1 

• 0209E  03 

1 

6926E  01 

•2 • 0027E-03 

* 

7386E-03 

-2 

•1672E-03 

6 

88S8E-03 . 

-9  *5760E  00 

-9 

7979E  02 

-1 

•0222E  03 

2 

1191E  01 

-3.8957E-03 

3 

S652E-03 

•4 

•7537E-03 

8 

6209E-03 

-1.40021  01 

-9 

7116E  02 

-1 

•014SE  03 

2 

281  IE  01 

-6.5100E-O3 

3 

1073E-03 

•  6 

• 1727E-03 

9 

2800E-03 

-2.1652E  01 

•9 

6013E  02 

-i 

•OOBOE  03 

2 

3963E  01 

-8 • 7270E-03 

2 

5019E-03 

•7 

•2387E-03 

9 

7606E-0  3 

UNCLASSIFIED 


I  J/  COORDINATES 


ANGLE 

R' 

2 

RADIAL  R 

MOOR  THETA 

1  5  17  1 

1 3*036  1 

26*137 

•8*73025  02 

•8«4Q04_£_0_2_ 

•3.5693E-02 

6  17 

•89*29 

4  >608 

36* 1B1 

-7.7833E  02 
-1*99728-02 

•6*31198  02 

1 -3399E-02 

7  17 
63 

6  >160 

86*191 

-7.**92E  02 
•1*0329£«02 

•6 • 6077g  02 

6 *  7903£»03 

8  17 

•88-08 

7*781 

26*137 

-7*32771  02 
-8*81808*03 

•6*73431  02 
3*99208.03 

S  Id 
89*77 

3*036 

27*810 

•8.7172E  02 
•3*3*39E-02 

•8*40131  02 
3*2010E-02 

6  IS 
8a>*i 

4*606 

27*801 

**7  *  7B44E  02 
•1*B931C**02 

•6*31691  02 

1 • 3390g«02 

7  ifl 
86*63 

6*180 

27*601 

•7 *  4822E  02 
•1*0303E*02 

-6*61191  02 
6*7939E-03 

8  IS 
89*69 

7.7B1 

27*810 

-7.3291E  02 
-S*S208E-03 

-6*7313E  02 
3*SS92C>03 

5  19 
89  •  36 

3.037 

29*496 

-6*7*78E  02 
-3*B*23E«02 

•  9*435.i7E  02 
3*l949E-02 

6  19 
86  •  1 8 

4*609 

29*4*2 

•7.7689E  02 
•  1  • 58318-02 

•6 • 3360C  02 

1 • 331 6C>02 

7  19 
81*86 

6*181 

29*4*2 

•7.4669E  02 
•1  «0242E**0H 

•6 • 6295C  02 
6»7918E«03 

B  19 
79*78 

7*798 

29**96 

•7*3464E  02 
-8*49018-03 

-6*75588  02 
3*9«6lE-03 

5  80 
88*97 

3*037 

31*072 

•8*7 *36E  02 
-3*47168-02 

•S*4824C  02 
3*16218-02 

8  T  R  e  s 
AXIAL  Z 

-7*16268  08 
-3*7670E-03 

•7.1142E  08 
-2*9731E*03 

-7 >08898  08 
•1*767*E»03 

t 

•6»920/£  08 
•2»4031E*0* 

•7.1669E  08 
-3*9029E-03 

-7tl8l>e  08 
-3.0U3E-03 

“7 • 0338 £  08 
•1>7916£*03 

i 

"6 *9172E  08 
-2*2345£-04 

-7*19588  08 
-3>8B8»E-03 

-7*14298  08 
•3*0B76E-03 

•7  >0BS3£  08 
-l*S692E-03 

■6  >94658  08 
-3*164SE-0* 

•7* 2492E  08 
-4-2358E-03 


E  8  /  8  T  R 

OMCAR  R-Z 

A  1  N  8 

MAXIMUM 

MINIMUM 

MAX  SHEAR 

•2.3189E-01 

•9.4214E-09 

-7 • 162bE  02 
*3  *  76708-03 

•8*73028  02 

-3-9683E-02 

7.8378E  01 
3  *  1 686E-02 

•7 • 9236E-01 
-3.2239C-04 

.-7*11418  02 
-2.9711C-03 

-7 • 7934£  02 
•1*99748-02 

3 • 1 963E  01 
1*30038-02 

•1.0036E  00 

•  4  *  082SE-04 

-7.0282E  02 
-1.762BE-03 

•7*449*E  02 
*1*0330e-02 

2*10608  01 
■  8 • 5676E-03 

•1.3639C  00 
■  3  *  9469C-04 

-6  •  9203E  02 
-2*31028-04 

•7*32818  02 
•6 • 927BE-03 

2 • 0394E  01 
8*29688-03 

6.3079E-01 

2.9660E-0* 

•7 • 1666E  02 
-3 • 902*8*03 

-8*  7173C  02 
•3 • 5440C-02 

7.7S22E  01 
3*19388-02 

1*76708  00 
7.1887C-04 

•  7  *  1209E  02 
-3*0043C-03 

-7.7569E  02 
-l*9941C-02 

3*18008  01 
1 • 29378-02 

2  *  4724C  00 

1 • 0098E-03 

•7.0323E  02 
-1  *  76208-03 

-7.4937E  02 
-1*03338-02 

'2* 10688  01 
8*97O8E-03 

3.0919C  00 
1*29788*03 

•6*91498  02 
-1 • 760BE-04 

-7 *32755  02 
•8  *96S2E*03 

2*06298  01 
8 • 3921E-0  3 

1.6B84E  00 

6*  B688E-04 

-7 i 1 996C  02 
-3*84928-03 

•8*74808  02 
-3*54278-02 

7.7621E  01 
3*15788-02 

4*20008  00 
1.70868-03 

-7*13966  02 
—3  *  03068-03 

-7*77178  02 
-1*58688-02 

3*16048  01 
1  *  2857E-0  2 

6.01048  00 
2*44528-03 

-7 *0*6  78  02 
-1*694*8-03 

-7 • *7558  02 
-1*04178-02 

2*14408  01 
8.7223E-03 

7.49048  00 
3*04728-03 

-6.9330C  02 
-4.0736E-0S 

•7*36198  02 
-8*76468-03 

2*14448  01 
8*72418-03 

2  *  6820E  00 

1. 09118*03 

-7.2**7S  02 
-*  *  2260E-03 

-8*74418  02 
-3*47268-02 

7.49718  01 
3*05008-02 

UNCLASSIFIED 


I  J/ 

COORDINATES 

9  T  R  £  8 

AnQlE 

R 

2 

RADIAL  r 

HOOP  THETA 

axial  2 

7  23 

6*210 

35*926 

*7  •  6802E  02 

■6 

<  8905E  02 

■7* 36092  02 

62.48 

-9*333S£*03 

6 

•7114E-03 

*2*8869E“03 

8  23 

7*763 

35*938 

-7.5B73E  02 

*8 

•9942c  02 

■7 *20122  02 

62*00 

•8.4318E-03 

3 

•6372C*03 

-5*7325£-04 

3  .  24 

3*069 

37.624 

•8 •  852 IE  08 

■  5 

•  991 Oe  02 

“7 • 7146E  02 

86*16 

•2*9BBQ£«02 

2 

•8619E-02 

•6-4424E-03 

6  24 

4.679 

37*567 

-e*0107£  02 

•  6 

•7673E  02 

-7*63B5£  02 

67*03 

-1.2925E-02 

1 

•2367£.02 

-5*2926E*03 

7  84' 

6*242 

37.329 

-7.7900E  02 

47 

•0189E.02 

•7* B0B9E  02 

38*17 

•9  ■  021 9E*03 

6 

•6624E-03 

-3-2449E-03 

8  24 

7.775 

37  *  560 

•7.7022E  02 

*7 

•1065E  02 

*7  *  1201  £  02 

39*12 

-8.4511E-03 

3 

•6661E-03 

-6*7938£-04 

5  £5 

3.114 

.39-411 

-8.8284E  02 

•6 

•1969E  02 

'  -7*9274£,02 

84*33 

*8 . 6480£«02 

2 

*  7 1 08E*02 

■8*0923E-03 

6  25 

4.763 

39*187 

•8.1276E  02 

•6 

•964SE '02 

•7 • 8503E  02 

58*92 

-lil762E*02 

1 

•1897E-02 

■6*121 3£*03 

7  85 

6.304 

39*062 

•7.8973E  02 

47 

*1445E  02' 

-7.6447E  02 

54*81 

•a*72aOE>03 

6 

•5887E-03 

•3*8849£-03 

8  23 

7*797 

39.036 

•7* 8427£  02 

-7 

•2465E  02 

-7.4778E  02 

56*43 

•B*4092E-03 

3 

■7179E-03 

-9*87002-04 

4  26  I  12*462  1 

41.717. 

•9.4166E  02 

•  5 

•  74  79E  02 

■8 • 5283E  02 

77*20 

■3 • 1 733E-02 

|  4 

•2892E»02  | 

•1 *36662*02 

5  £6 

3*481  . 

,41.045 

■  -8*8484E:02 

-6 

■  708 1 E  02“ 

•B*2B96e02 

70*92 

•2*088SE**02 

2 

•2649E-02 

-8*8987£-03 

6  26 

4.968 

40.709 

-8*2314£  02 

47 

« 1 33*E  02 

•7 • 9B40E  02 

34*28 

•  1.1U9E-02 

1 

•1214£.02 

•6*0876£"03 

E  8  /  STRAINS 


SHEAR  R-2 

NAXIHUM 

HINlHUH 

N AX  SHEAR 

2.2838E  01 

■  7 

•  24 1 9E  02 

-7 

•7992E  02 

2 

• 7867E  01 

9.2910C-03 

■  4 

•3668E-04 

4 1 

•1774E-02 

1 

•13372-02 

2.8629E  01 

-7 

•  049  JE  02 

•  7 

*73971  02 

3 

* 4536E  01 

1.1647E-02 

2 

.8228E-03 

-1 

* 1528E-02 

1 

*40502-08 

7.6784E  00 

•  7 

•7095E  02 

•8 

•85732  02 

3 

*73902  01 

3 • 1 237E*03 

-6 

■3374E-03 

•  2 

•96SSE-02  . 

2 

*33482-02 

1.9386E  01 

-7 

•  S533E  02i, 

•8 

•0929E  02 

2 

•  6978E  01 

7 • 8666 E-03 

•  3 

*6213E-Q3jv’  . 

•  1 

• 4597E*02 

1 

.09752-08 

2.8693E  01 

-7 

•3278E  02  i 

-7 

*  968 1 E  02 

3 

*  20 1 5E  01 

1 *16732-02 

3 

■7878E-04 

-1 

•2646E*02 

1 

•3024E-02 

3.5575E  01 

•  7 

•1073E  02 

47 

•9150E  02 

4 

•0380E  01 

1 .4473E-02 

3 

*  6468E-03 

•  1 

•2779E-02 

1 

*64282*02 

9.0304E  00 

-7 

•9183E  02 

-a 

•8374£  02 

4 

•6945E  01 

3.673SE-03 

-7 

•9102E*03 

-2 

•6602E4Q2 

1 

*86922-08 

2.6263E  01 

C  -7 

•6919E  02 

■a 

*  28S9E  02 

2 

•9699E  01 

1 .0685E<*02 

-2 

• 9006E*03 

-1 

•4983C-02 

1 

•2082E-08 

3  •  5465E  01 

*7 

•3946E  02 

■a 

•1476E  02 

3 

*  7651E  01 

1 .4428E-02 

1 

•5020E-03 

-1 

•3815E-02 

1 

•5317E-02 

4.3294C  01 

-7 

•1904C  02 

•  8 

•1300E  02 

4 

•  6982E  01 

1.7613E-02 

4 

.8684E-03 

-1 

•425BE«02 

1 

*  91 1 3E-02 

2  *  1 270E  01 

•a 

. 4802E  02 

-9 

•4649E  02 

4 

•9235E  01 

B*6532E>03 

-1 

•  2686E-02: 

•3 

•2715E*02 

2 

•0030E-02 

2*  3152E, 01 

•8 

•1789E  02^ 

-a 

•92B3E  02 

3 

*  7478E  01 

9.4189E-03 

-7 

•2701E-03 
t1  * 

•2 

■*1 

•2517E-02 

1 

•5247E-02 

3 • 6832E  01 

'  -7 

*719 BE  08 

■8 

*  4  962E  02 

3 

*  B883E  01 

1 *49$4E-02 

•  6 

•9997E-04 

-1 

•6506E*02 

1 

•5806E-08 

UNCLASSIFIED 


I  J'  COORDINATES 

AnOlE  R  2 

RADIAL  R 

HOOR  THETA 

8  T  K  E 
AXIAL  z 

8  32 
58**9 

8*125 

47.435 

-8*9728E  02 
•1  * 130*6-02 

•8*233lE  02 

3  *  7*25£**03 

•i • 3S45E  02 

1 *27166-03 

fa  33 
65*33 

6.767 

48*789 

•9.2696E  02 
-2* 1620E-02 

•7 • 8355E  02 
7.3509E-03 

*7*85836  02 
7*08776-03 

7  33 
64*07 

7.440 

48*529 

•9*18106  02 
*1 « 4680E-02 

•8 • 2O09E  02 
5*25606-03 

•8*3107E  02 
3*02266-03 

a  si 
39*26 

8*167 

46*11* 

<*9*0*99E  02 
•1*131«E*03 

•8*31*11  02 
3*6S35E-03 

-5*430*6  02 
1*28586-03 

[i  3*" 

7«*  13 

]  EMI 

*9*11* 

•9*  3205E  02 
•2*5333E"02 

■7.9142E  02 

1  7  *  3* 1  PE- 03 | 

-7*76606  02 
1  *  05576—02 

7  34 
64*93 

7*523 

49*276 

•9.2863E  02 
•  1*512*E**02 

“8 •  2909E  02 

5 • 12296-03 

-8*3739E  02 
3'*43S0E-03 

3  34 

59*70 

8'*  194 

*9*186 

•9* 16B7E  02 
•i*l*74E-02 

■0 * *26*£  02 

3  *  62626-03 ' 

•8*53886  02 
1*34576-03 

6  33 
82*33 

6*931 

30*036 

•9 ■ 6  7696  02 
•2*3663E»02 

,  -8*33816  02 
7*63696-03 

-8*24616  02 
9*62926-03 

7  39 
70*16 

7*35# 

30*005 

*9  *  5 1 8 1 E  02 
•1  >  '15*6-02 

•8**153£  02 
..5*27766-03 

•8*41476  02 
9*28926-03 

3  35 
61  *66 

a.aof 

*9*994 

**9 * 3801s  02 

“1  *221BEa02 

*8 • 5972E  02 
3*71036*03 

-8*68686  02 
1*88776-03 

6  36 
85*25 

6*927 

30*73* 

*9 • 906SE  02 
-2.0801E-02- 

•8*50666  02 

7 • 67*9E -03 

-e«66sie  02 

6*  4B3ZE-03 

7  36 
74*65 

7*066 

00*71* 

■9*72756  02 

•1  *70696-02 

•8*62206  04 
5**1756403 

*9*64306  02 
**99066*03 

8  36 
64.71 

6*312 

50*730 

•9*5325E  02 
•1 *26966=02 

•8*72526  02 
3*82746*03 

•8*79996  02 
2*20616*03 

6  8  /  8  T  R 

8H6AR  R-Z 

a  I  n  a 
maxihum 

MINIMUM 

MAX  SHEAR 

6.0730E  01 
2.*706E-02 

*7*98226  02 
8*8*936-03 

•9*34516  02 
-1 *88776*02 

6*B145E  01 
2.7723E-02 

8 • 21 *7E  01 
3.3*196-02 

-7*48106  02 
1*47626-02 

•9*64696  02 
-2*92956-02 

1*08296  02 
4*40976*02 

5.5*206  01 
2*25466-02 

•6 • 04 12E  02 
8.5040E-03 

-9*4305e  02 
-2*01616-02 

7.04616  01 
2*86656*02 

9*70246  01 
2*31986*02 

-8*09136  02 
8*18796-03 

•9*38916  02 
-1*82136-02 

6*48956  01 
2 • 6401E-0  2 

9*03906  01 
2*09006*02 

•7*62236  02 
1*32786-02 

•9*65436  02 
-2.8054E-02 

1*01606  02 
4  *  13326-02 

9.46486  01 
2.22326*02 

-8*11826  02 

8  *63556-03 

-9*54206  02 
•2*03296-02 

7.1187E  01 
2*89616-02 

5*89056  01 
2.27436-02 

-8*21196  02 
7.9895E-03 

-9 ■ 4954E  02 
-1  .B118E-02 

6*41756  01 
2>6108E-02 

2.23766  01 
9*10326-03 

-8*21 50E  02 

1 ‘0142E-02 

•  9 • 9 0 70 £  02 
-2**2766-02 

8*46016  01 
3*441 8E-02 

4.57766  01 

1 • 86236-02 

-8*24966  02 
8*6493E-03 

-9 • 68336  02 
-2*03146*02 

7*16856  01 
2*91636-02 

9.27226  01 

2* 1448E-02 

-8*40241  02 

7.6710E-03 

•9*664*6  02 
■1 *79926-08 

6 <30976  01 

8  •  96696-03 

1*12356  01 
*•87036-03 

•8* 55386  03 
6*67336-03 

-9*91386  OS 
-2*09916*02' ■ 

9*80008  01 
a* 76656*08 

3.1685E  01 
U689D6-06 

•8*5973E  02 
6.73576-03 

-9*81336  Ofi 
-1*88146-02 

6*080*6  01 
8*S8B06o02 

*•*9686  01 
1*83316-02 

-8*58936  03 
6*48986-03 

-9*7*31g  02 
•1*69806*02 

5*78905  01 
2*34701*08 

V 


UNCLASSIFIED 


REPORT  NO:  • 

TITLE: 

DATED: 

AUTHOR: 

SECURITY  GRADING: 


DREV  REPORT  4196/81 

17KS12000  motor  grain  structural  integrity  analysi: 
March  1981  ' 

C.  Carrier 

UNCLASSIFIED  Initial  distribution  May  1981. 


1-  DSIS  Report  Collection 
Plus  distribution 

1-  Microfiche  Section  (unbound  copy) 


1-  CRAD 
1-  D/CRAD/L 
1-  D/C RAD/D 
1-  D/CRAD/P 
1-  DTA(A) 

1-  DTA(L) 

1-  DTA(M) 

1-  DST(OV) 

1-  DST(0V)-2 

1-  DST(0V)-3 
1-  DGAEM  - 
1-  DGMEM' 


1-  DACS 
1-  DMCS 

6-  Bristol  Aerospace  Ltd. 


IP'.-.!' 

m 4  • 


»  i  \ 

u  1  - 


% 

i 


•w 


